The cardiac glycoside, ouabain, inhibits alkali-cation transport in HeLa cells. It binds to 0.75 X 106 sites per cell, and the half-time for its dissociation is 16 hr. After partial blockade by ouabain, the cell generates new ouabain-binding sites, with total restoration of transport in 10% of a cell cycle (-3 hr). This recovery requires protein snythesis and appears to be a response to altered cell-electrolyte content, since growth of cells in media with low K + concentration enhances the titer of the transport enzyme in a fashion similar to the effect of ouabain. Totally blocked cells do not recover.
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The interaction of any exogenous chemical with a cell begins at the cell surface; in fact many biologically active chemicals penetrate no further into the cell. Since some of these agents have deleterious effects on the cell, cell survival may depend on the mitigation of these surface effects, either by their reversal or repair. Treatment of cultured cells with hydrolytic enzymes results in loss of antigens and of viral or other receptors on the cell surface that, upon subsequent incubation of the cells, return to their initial titer within a few hours (1) (2) (3) (4) . In such studies, it is not clear whether the reappearance of the surface properties represents repair above and beyond normal membrane turnover. The rate of bulk turnover of surface proteins, carbohydrates, and lipids does not seem to be stimulated after treatment with hydrolytic enzymes (4, 5) .
We investigated membrane repair more specifically by use of alkali-cation transport (Na+-K+-Mg2+-ATPase) in HeLa cells. Our rationale for this selection was as follows: (i) the proper functioning of the cation-transport system, in association with maintenance of normal cell electrolyte composition, is recognized as a principal factor in the regulation of cell volume (6, 7) . Also, K+ is a cofactor for several intracellular enzymes, and for their activity intracellular K+ must be maintained at appropriate concentrations (see, e.g., refs. [8] [9] [10] . Thus, the integrity of the alkali-cation transport system is of known and demonstrable importance to cell viability. (ii) Alkali-cation transport can be specifically blocked by cardiac glycosides (11) (12) (13) . In HeLa cells, ouabain, in low concentrations, binds tightly to the cells and is an effective inhibitor. (iii) By the use of [3H Jouabain it is possible to monitor the extent of binding of the inhibitor, while at the same time the activity of alkali-cation transport can be assayed by measurement of transport of labeled cations. In sum, these characteristics enable us to make specific measurements of an essential enzymatic function localized at the cell surface and subject to specific inhibition.
In this paper, we show that subtotal blockade of transport washing procedures. All determinations of radioactivity were made by a Nuclear Chicago scintillation counter.
In some experiments, cycloheximide (Actidione, Nutritional Biochemicals Corp.) was used at a concentration of 100 ug/ml, which was sufficient to inhibit uptake of [3H1-leucine into acid-insoluble material by more than 85% in 30 min. This inhibition was fully reversible within 3 hr after the cells were washed free of inhibitor. Cells exposed to either or both cycloheximide (100 ug/ml) and ouabain (up to 0.1 mM) for as long as 8 hr retained more than 99% viability as judged by their adherence to glass and by dye-exclusion criteria.
RESULTS AND DISCUSSION
To assay the activity of the alkali-cation transport system, we chose for reasons of technical convenience to use the influx of "'Rb, which has been shown to be a faithful analog for potassium in transport processes and in stimulation of ATPases activated by Na+-K+ (7, 14) . The principal advantage of 16Rb over 42K is its longer half-life. "Rb uptake by HeLa cells as a function of Rb concentration in the medium is depicted in Fig. 1 . The curve is analyzable as the sum of two components, as has been described for alkali-cation transport in other cells (15 The cardiac glycoside, ouabain, inhibits alkali-cation transport in HeLa (12) , as in other cells. The sensitivity of transport varies greatly with the cell type (Fig. 2) . In HeLa cells, ouabain-sensitive Rb transport is reduced 50% in 60 min by 0.2 ,uM ouabain, while a concentration sufficient to produce the same effect in mouse Balb/3T3 cells over the same period of time is greater by more than four orders of magnitude. The relatively greater sensitivity of its transport system made HeLa a suitable cell for the present study.
The binding of ouabain to HeLa cells follows pseudofirstorder kinetics. The rate shows a marked inverse dependence on K+ concentration in the medium (13) , but the total amount bound is only slightly affected by K+ concentration. In normal growth medium, such as we used, the attainment of near-equilibrium effects may take hours at low concentrations of ouabain (Fig. 3 ). (Fig. 3) . During the incubation in ouabain-free medium, a fraction of the ouabain was lost from the cells with an apparent half-time for dissociation of about 16 hr. At the second challenge, even though some 50% of the total ouabain-binding sites were still bound from the first treatment, the cells were able to bind an additional amount, equivalent to the total number of sites initially present. This increase, which is qualitatively similar to that seen by Lamb and McCall (16) in Girardi heart cells, might have been achieved by moving the ouabain to some site other than the transport enzyme on the surface or in the cell, by uncovering cryptic ouabain-binding sites in the surface, or by inserting new sites into the membrane.
In similar experiments we measured transport as well as ouabain binding under conditions that permit or prevent protein synthesis (Fig. 4) . We incubated the cells in. 1 IM ouabain in the presence or absence of 100 pg/ml cycloheximide for 1 hr; the cells were then washed and further incubated in ouabain-free medium with or without cycloheximide as before. At appropriate intervals, "Rb transport was assayed. In the experiment depicted (Fig. 4) , the initial ouabain treatment reduced transport by 50-70%. In the subsequent incubation, control cells regained their normal transport properties in 3 hr, whereas the cycloheximide- for determination of the rate of transport; the vials were washed four times with ice-cold Tris-NaCl. 2 ml of distilled water plus 20 ml of dioxane counting solution were added to each vial, and radioactivity was determined by scintillation. Data shown are for "Rb uptake as a fraction of control rate. The "leak" component, determined separately in 100 MM ouabain, has been subtracted.
Under these conditions the cells retain more than 99% viability throughout. For cells left in ouabain indefinitely, after maximum binding is achieved (Fig. 3) However, cells grown in 0.7 mM K+ (which is below the transport Kin) have a V.ax 40% greater than the normal capacity. In four similar experiments, this increase ranged from 26-50%. Experiments are in progress to determine the optimum conditions for this effect. From preliminary results it appears, as in the cells totally blocked by ouabain, that cells grown in the absence of potassium retain their viability for at least 24 hr but do not respond by increasing their transport capacity.
Several alternate mechanisms might be suggested to explain the increase in transport enzyme activity under conditions where it occurs: (i) As proposed by Kaplan, Wright, and Quastel (17) for phytohemagglutinin stimulation in lymphocytes, there may be cryptic or covered transport sites in the membrane that can be "uncovered" (in their case by phytohemagglutinin), i.e., made functional. In our case, the hypothetical "uncovering" of sites could require synthesis of a small protein or polypeptide, possibly in response to altered electrolyte composition. This possibility might be tested by repeated pulse treatments with ouabain in an attempt to empty the cryptic pool, should it exist, of transport enzyme.
(ii) Another possibility is that low K+ or high Na+ concentration inhibits degradation of membrane-transport enzyme in normal turnover, leading to a net increase in enzyme with or without an increase in the rate of synthesis. To explain all the present data it would be necessary to postulate in addition that in the totally blocked cell both degradation and synthesis are inhibited, so that there is no net change. (iii) A final alternative is that low K+ or high Na+ concentration stimulates de novo synthesis and insertion of transport enzyme into the membrane. It is difficult in the absence of specific labeling of the Na+-K+-ATPase molecule itself to measure the rate of synthesis or turnover directly and thus test hypotheses (ii) and (iii).
